, where in Z is the normalized input impedance at absorber surface, f the frequency of microwave, and c the velocity of light. 10 Fe 78 Co 5 Zr 1 B 6 In the present work, Nd 2 Fe 14 B/α-Fe microwave electromagnetic and absorption properties of Nd 2 Fe 14 B/α-Fe were investigated in 0.5-18 and 26.5-40GHz range. Fig.1 (a) and Fig.1 (b) show the XRD patterns of the Nd 10 Fe 84 B 6 melt-spun ribbons after subsequent annealing and ball milling respectively. The peaks ascribed to hard magnetic phase Nd 2 Fe 14 B and soft magnetic phase α-Fe can be observed clearly. After ball milling, the diffraction peaks exhibit the wider line broadening, and any other phase has not been detected on the XRD patterns. It indicates the grain size gets finer by ball-milling. The average grain size is evaluated to be about 30nm for annealed ribbons and 20nm for the ballmilling one from the line broadening of the XRD peaks, using the Scherrer's formula. Fig.2 . shows TEM micrograph and electron diffraction (ED) patterns of the heat treated Nd 10 Fe 78 Co 5 Zr 1 B 6 melt-spun ribbons. It can be seen that the grain size is uniform and the average diameter is around 30 nm. The results are consistent with the XRD analysis. Such a microstructure of magnetic phase is effective to enhance the exchange interaction between hard and soft magnetic phases. Magnetic hysteresis loop for Nd 2 Fe 14 B/α-Fe nanocomposites is shown in Fig.3 respectively, which is rather high compared with common soft magnetic materials such as hexaferrite -FeCo nanocomposite. Furthermore, the magnetic hysteresis loops are quite smooth, which shows the characteristics of single phase hard magnetic material. This result can be explained by the effect of exchange interaction between the hard-magnetic Nd 2 Fe 14 B and soft-magneticα-Fe. Comparing with conventional ferrite materials, the Nd 2 Fe 14 B/α-Fe permanent magnetic materials has larger saturation magnetization value and its snoek's limit is at . Thus the values of relative complex permeability can still remain rather high in a higher frequency range. Fig.4 (c) can be attributed to the resistance to the spin rotational. And the ferromagnetic resonance plays an important role in the high frequency region. The variation of reflection loss with frequency for composite is shown in Fig.5 . This nanocomposite realized the optimum matching (reflection loss: RL < -20 dB) in 9, 17 GHz with thin matching thickness of 2, 1.2 mm respectively. Furthermore, the maximum microwave absorption -35 dB is obtained at 37 GHz with a thinner matching thickness (d m ) of 0.37 mm. Consequently, efficient EM absorption properties are observed not only in centimeter-wave band but also in millimeter-wave band. The permeability spectra of Nd 2 Fe 14 B/α-Fe nanocomposites exhibits relaxation and resonance type characteristic in the 0.5-18 and 26.5-40 GHz frequency range respectively. The resonance frequency ( r f ) of Nd 10 Fe 78 Co 5 Zr 1 B 6 nanocomposite is 30GHz. This nanocomposite also shows an excellent microwave absorption property (reflection loss: RL<-20dB) in 9, 17 GHz with thin matching thickness of 2, 1.2mm respectively, and the minimum peak of -35 dB appears at 37 GHz with a thin matching thickness (dm) of 0.37 mm. In the present work, the effect of the rare earth Nd contents on the natural resonance frequency and microwave permeability of Nd 2 Fe 14 B/-Fe nanocomposites was investigated. The Nd x Fe 94-x B 6 (x = 9.5, 10.5, 11.5) ribbons were prepared using melt-spinning and annealing method. The microwave complex permeability was measured in the 26.5-40 GHz frequency range. Because s M and effective anisotropy constant eff K are depended on the volume fraction of soft-magnetic phases S f and that of hard-magnetic phases as shown in Eq. (6) and (7),
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Effect of
where S S M and S K are the saturation magnetization and anisotropy constant of softmagnetic -Fe phases respectively, H S M and H K are the saturation magnetization and anisotropy constant of hard-magnetic Nd 2 Fe 14 B phases respectively. Therefore microwave permeability and the resonance frequency r f will exhibit obvious differences with different Nd content. 
Electromagnetic wave absorption properties of NdFeB alloys with low Nd content
In this section, the electromagnetic and absorption properties of NdFeB alloys with low Nd content comprised with-Fe /Nd 2 Fe 14 B nanocomposites were studied in the 0.5-18 GHz frequency ranges. Fig.11 Fig.12 . The value of saturation magnetization M s and coercivity cb H is 154.35 emu/g and 667 Oe respectively. The values of remanent magnetization and coercivity are very high compared with common soft magnetic materials such as hexaferrite -FeCo nanocomposite. Furthermore, the magnetic hysteresis loops are quite smooth and it behaves the characteristics of single hard magnetic material. This result can be explained by the effect of exchange interaction between the hard-magnetic Nd 2 Fe 14 B and soft-magnetic -Fe. Fig.13 shows the frequency dependence of relative permeability, permittivity. For Nd 6 
Effect of microstructure on microwave complex permeability of Nd 2 Fe 14 B/α-Fe nanocomposites
The effect of ball milling process on the microstructure, morphology and microwave complex permeability of Nd 2 Fe 14 B/-Fe nanocomposites have been investigated. The mechanical ball milling can reduce the grain sizes and the particle sizes of Nd 2 Fe 14 B/α-Fe nanocomposite material as shown in Fig.16 and Table 1 , and the particle of powder becomes fine and thin, the grain size reduces during the process of milling. and enhance the microwave complex permeability and the complex permittivity. 
III. Electromagnetic wave absorption properties of nano-crystalline SmN/α-Fe and SmO/α-Fe composite
In our early study on Sm 2 Fe 17 N x magnetic material, it showed that the Sm 2 Fe 17 compound disproportionates into a two-phase, α-Fe/SmH 2 microstructure after heating under a hydrogen atmosphere (hydrogen-disproportionation) at temperatures from 873 to 1173 K. A nanometer scale lamellar structure composed of SmH 2 and α-Fe is obtained after a heat treatment at temperatures close to 873 K. However, at higher temperatures, the SmH 2 lamellae grow to form spheres several hundred micrometers in diameter, embedded within an α-Fe phase. If the disproportionated microstructure heated in nitrogen and then oxidation treatment in oxygen or air at lower temperature, a similar disproportionated microstructure of α-Fe/SmN and α-Fe/SmO finally can be obtained, due to the difference in free energy change for the formation of oxide between rare earth elements and iron. In addition, the SmO compounds exhibit a lager resistivity than RH 2 and SmN phase. Therefore, a similar disproportionated microstructure of α-Fe/SmO can be a EMI material with high microwave absorption properties. However, there are hardly reports relevant to the application of this effect for microwave absorbers. Therefore, in this chapter, the effect of the microstructure and preparation processes on EM wave absorption properties in GHzrange microwave absorption is investigated. Fig.19 shows the preparation process.Sm 2 Fe 17 alloys were produced by industrial melting method with initial materials whose purities were 99.9% or above in argon atmosphere(see Fig.20 ). The ingot was annealed in argon atmosphere at 1323 K for 24h(see Fig.21 ). Then the homogenized ingot was crushed into powders of less than 100μm in size. The crushed Sm 2 Fe 17 powders were ball-milled into powders of about 10 μm for 20 minute. The Hydrogenation-Disproportion (HD )and nitrogen process were conducted as following: the crushed powders were placed in a furnace and heated to 875K at a rate of 5K/min in a high purity hydrogen atmosphere of 0.1MPa , held for an hour, Subsequently the furnace was vacuumized to ×10 -4 Pa and then cooled to 773K in a high purity nitrogen atmosphere of 0.3MPa, held for 5h.The nitrified powder was heated in oxygen or air (oxygendisproportionation) at 573K for 2h. X-ray diffraction (XRD) and tra n s m i s s i o n e l e c t r o n m i c r o s c o p e ( T E M ) w e r e u s e d t o determine the phases and microstructure of samples. The magnetic hysteresis loops were measured using a vibrating sample magnetometer (VSM)(see Fig.22 ). The alloy powders were mixed with paraffin at a weight ratio of 5:1 and compacted respectively into a toroidal shape (7.00 mm outer diameter, 3.01 mm inner diameter and approximately 3 mm thickness)The vector value of reflection/transmission coefficient (scattering parameters) of samples were measured in the range of 0.5-18 GHz, using an Agilent 8720ET vector network analyzer respectively. The relative permeability ( r μ ) and permittivity ( r ε ) values were determined from the scattering parameters and sample thickness. Assumed the metal material was underlay of absorber, and the reflection loss (RL) curves were calculated from the relative complex permeability and permittivity with a given frequency range and a given absorber thickness (d) with the following equations :
Preparation process and measurement
where in Z is the normalized input impedance at absorber surface, f the frequency of microwave, and c the velocity of light. shows TEM image and diffraction patterns of SmH x /α-Fe. It can be seen that a nanometer scale lamellar structure composed of SmH 2 and α-Fe is obtained after a heat treatment at temperatures close to 873 K according to diffraction pattern. Also, as local high temperature in the sample, the SmH 2 lamellae grow to form spheres several hundred micrometers in diameter, embedded within an α-Fe phase. The top left corner of the picture in Fig.24 is to enlarge the box office chart, from which can be drawn that the growth of the alloy grains and the dimensions of the grains are about 10nm. These correspond to the result of XRD analysis. After nitrified at 773 K for 5 h the SmH x phase is completely transformed into SmN phase, while the α-Fe phase content is essentially the same(see Fig.23c ).Thus the electromagnetic wave absorption materials with SmN/α-Fe phase coupling structure were obtained. When the powder with SmN/α-Fe two-phase structure heated in the air after 1 h, it can be seen from Fig.23(d) , that the alloy is composite of SmO and α-Fe phase, oxide of iron is not detected ,namely SmN phase has transformed into SmO. The difference of diffraction peak between SmN (PDF 30-1104) and SmO (PDF 65-2915) is not obvious. The characteristic diffraction peaks were enlarged in the diagram at the upper left corner of Fig.23 , it illustrate that the position of two diffraction peak are different at enlarged picture. Combined with the color change of oxidized powder before and after, all of these confirmed again that SmN phase has been changed into SmO phase. Fig.25 is SEM picture of nitrified and oxidized powder of SmFe alloy. It Shows that each particle size is between 1 ~ 5 μm. Small particles can reduce the eddy current, and then helps to reduce magnetic permeability induced by eddy current. Compared with SmN phase, the resistivity of SmO phase is lager, which can increase skin depth of eddy current, and further reduce the eddy current. Otherwise, this structure can generate an exchange coupling effect, which is conducive to increase the natural vibration frequency of materials. band. It found that it shows the phenomenon of multiple resonances for Fe-Co-Ni bonded composite elastic material with the Fe-Co-Ni powder particles decreased from micron to sub-micron. As to SmN/α-Fe and SmO /α-Fe composites, because that its powder particle is uniform and size distribution is between the 1-5μm (see Fig.25 ), the relative permeability exhibits two peaks in the 0.5-18GHz, which is the characteristics of the multiple resonance. In addition, it can be found from Fig.8 that the real part and relative permittivity of SmO/α-Fe composite are lower than that of SmN/α-Fe composite. This is ascribed to the lower resistivity of SmN than SmO phase's, due to the permittivity of SmN/α-Fe composite being lager, and more fluctuations with the frequency. As we all know, the relative permeability can express by the formula (4) (Fig.23 )that the content of α-Fe content in the two materials are almost identical, which is confirm by VSM measurement with saturation magnetization value of 120 emu/g for SmN/α-Fe and SmO/α-Fe composites. As can be seen from Fig.26(b) , the permeability of SmO/α-Fe composite is slightly higher in fact. The reason is that the resistivity increases during the SmN phase transform to SmO phase, due to reduce the eddy current and decreased slowly the permeability with increase of frequency. It can be drawn from the formula (1) that in order to achieve full non-reflective, that is, R = 0, the value of complex permittivity and complex permeability for the absorbing materials must be equal, that is to say , the normalized input impedance at absorber surface Z in = 1. Hence, high-performance absorber material is characterized by as possible to keeping both permeability and permittivity approximately equal at a wide frequency range. It can be deduced that SmO/α-Fe composite have better absorbing performance from the permeability and permittivity in Fig.26 . Figure 27 shows frequency dependences of RL of SmO/-Fe composite at different thickness. It can be seen that the two materials in the 0.5-18 GHz have good absorbing properties, with the absorbing coating thickness increases, the minimum reflection loss of absorber moves to the low frequency. Because the match between the permeability and the dielectric constant for SmO/-Fe is better than that for SmN/-Fe, the former has better EM wave absorption property and its RL (reflection loss) is less than -20 dB with absorber
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